Separation in magnetic fluids is a sink-and-float technique based on the generalised Archimedes law whereby, in addition to the conventional force of gravity, a magnetically induced force acts on the fluid. Since this density-based process takes place in a nonuniform magnetic field, magnetic properties of the material to be separated also play a role. The objective of this study is to derive an equation of motion of a non-magnetic particle in a magnetised magnetic fluid and to solve this equation analytically so that particle trajectories could be derived. Furthermore, the magnetic susceptibility of magnetisable particles is taken into account by means of the effective density of the particle. This effective density is the sum of the physical (true) density of the particle and the density associated with the interaction of the particle with the external non-homogeneous magnetic field. A criterion for the accuracy of separation in the form of threshold mass magnetic susceptibility is obtained. This criterion is then verified experimentally.
INTRODUCTION Equation of Motion for Non-Magnetic Particle
A ferrohydrostatic separator features a stationary magnetic fluid, housed in a separation chamber placed between pole-pieces of a magnet. A particle suspended in a ferrofluid is acted upon by the force of gravity and by two buoyancy forces. The first is the classical Archimedes gravity-related force, and the other is the magnetically induced buoyancy force due to the magnetic 'weight' of the magnetic fluid as introduced by Rosensweig [1] .
These forces acting on a non-magnetic particle of radius b (small enough to assume that the magnetic field gradient is uniform within the particle), volume Vp and density pp immersed in a magnetic fluid of density pf, dynamic viscosity r/ and saturation magnetisation Mf in the presence of an external magnetic field of gradient VH can be written as follows (see (ii) Buoyancy force:
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Equation (8) with these initial conditions give the following solutions:
Equations (9) is a constant for a given set of parameters including the density of the fluid, the density of the particle, apparent density and angle .
In this particular case, the trajectory of the particle is a line (see 
The Equation of Motion of a Magnetic Particle
In this case an additional force acts on a particle as a consequence of its non-zero magnetic susceptibility and its interaction with the external non-homogeneous magnetic field. If we assume that the magnetic field is uniform inside the particle, then this force can be written, as:
where Xp is the mass magnetic susceptibility of the particle.
As in the case of the apparent density of the ferrofluid, the effective density of a particle can be assumed to be a sum of its physical density and the density associated with the magnetic force'
Peff PP ( + It can be seen in Fig. 3a that the density increment is greater at the bottom of the chamber where the magnetic field intensity is maximum.
In practical terms it means that particles that were, at the point of entry into the ferrofluid, denser than the apparent density of the fluid, will keep sinking at an increased rate as they move through the fluid. The sink product of separation will thus contain not only particles the physical density of which is higher than the apparent density of the ferrofluid, but also particles less dense, with appreciable contribution from the magnetic susceptibility (the second term on the right-hand side of Eq. (11)). On the other hand, the float product will comprise particles that are truly less dense than the apparent density of the ferrofluid, even when the magnetic contribution is taken into account. It can also be seen in Fig. 3b that in order to reduce the effect of the magnetic susceptibility on the accuracy of separation, the lowest possible magnetic field strength should be used, compatible with the required magnetic field gradient.
An easy way to obtain a trajectory of a magnetic particle is to consider, in Eq. (6), the effective density (Eq. (11)) instead of the physical density (pp) of the particle, calculated using the mean magnetic field intensity (H-(Hmax-k-Hmin)/2) within the ferrofluid. In this way, being 3300kg/m3, the magnetic field gradient is VH 12 x 105A/m 2 (-150Oe/cm) and the average magnetic field intensity is 100 kA/m ( 1.25 kOe). As a comparison between Fig. 2 and Fig. 4 it can be observed that, under the same operational conditions, the non-magnetic particles of density 3300 kg/m 3 will float, while magnetic particles of mass magnetic susceptibility equal to 60 x 10 .6 cm3/g will sink.
At this stage, using the effective density of the particle, a criterion for selectivity of the separation can be introduced, taking into account that if Pap > Peff a particle will float and if Pap <_ Peff a particle will sink.
By inserting the expression of effective density given by Eq. (11) If the mass magnetic susceptibility of the particle is smaller than this threshold mass magnetic susceptibility ()p < Xpthres) then the particle will float, while the particle will sink if the inverse inequality applies.
It transpires from Eq. (13) that the threshold mass magnetic susceptibility does not depend on particle size.
EXPERIMENTAL
The experimental work was carried out in order to investigate the following issues:
Existence of a threshold mass magnetic susceptibility for different apparent densities of the ferrofluid, and Whether this threshold mass magnetic susceptibility depends on particle size.
Magnetic tracers of well-defined magnetic susceptibility were used in the tests. These tracers were 4, 6, 8 and 10mm cubes with mass magnetic susceptibilities of 20, 40, 60, 100, 200 and 300 x 10
.6 cm3/g and density of 3530 kg/m3.
The experiments were conducted by passing magnetic tracers of the same size and the same mass magnetic susceptibility through a ferrohydrostatic separator at a fixed apparent density of the ferrofluid. Then, keeping the apparent density of the ferrofluid and the size of the particles constant, the mass susceptibility was varied. The above steps were repeated for all sizes and for the following apparent densities of the ferrofluid: 3565, 3600, 3650, 3700, 3750, 3800, 3850 and 3900 kg/m3. For each fixed apparent density of the fluid the threshold mass magnetic susceptibilities was observed and then compared with theoretical values calculated from Eq. (13). RESULTS 
AND DISCUSSION
Typical results, for one fixed apparent density, are also presented in 
CONCLUSIONS
The effect of the magnetic susceptibility of the particle was taken into account by means of the effective density of the particle. The effective density of the particle having a non-zero magnetic susceptibility is greater than the real density and depends on the position of the particle in ferrofluid. Using this effective density, a threshold mass magnetic susceptibility was obtained.
The experimental work has proved that:
there is a threshold mass magnetic susceptibility for all sizes of particles; the threshold mass magnetic susceptibility is not independent of the size of the particles; the best agreement between experimental and theoretical results was observed for 6 mm tracers.
